The relationships among suicidal ideation, sleep, depression, anxiety, and effects on epilepsy require more research. Objective: The aim of this study was to estimate the prevalence of suicidal ideation in outpatients with epilepsy, and relate this to sleep quality, daytime sleepiness, depression, and anxiety. Method: Ninety-eight non-selected patients were evaluated. The subjects were classified as "suicidal ideators" or "non-ideators", based on their response to item 9 of the Beck Depression Inventory. Results: The prevalence of suicidal ideation was 13.3% (x 2 =50.46, p,0.001). The differences between cases with or without suicidal ideation were statistically significant in relation to sleep quality (p=0.005) and symptoms of depression (p=0.001) and anxiety (p=0.002). Conclusion: Our results revealed that depression and anxiety were associated with sleep quality, daytime sleepiness, and suicidal ideation and that depression and sleep disturbance were good predictors of suicide in subjects with epilepsy.
Suicide and overall mortality are higher in patients with epilepsy (PWE) than in the general population. We must be cautious in the study of comorbidity. Prevalence rates of psychiatric comorbidities require more studies and more appropriate therapeutic 1, 2, 3, 4, 5, 6, 7, 8, 9 . However, knowledge concerning suicide and its ideation in PWE is still limited. Some authors have reported specific risk factors for suicide in epilepsy 8 , such as patients being relatively young (25-49 years), male sex, early onset of epilepsy, temporal lobe seizures, the presence of brain injuries, difficulty in controlling epileptic seizure episodes, and psychosocial and occupational difficulties 3 . Another important association is related to suicidal thoughts, behavior, and sleep disorders. The study of this association has advanced in recent years, and the results have demonstrated that suicidal ideation and behavior are closely associated with sleep disorders, such as insomnia, nightmares, daytime sleepiness, and difficulty initiating and maintaining sleep 10, 11, 12, 13, 14 . Furthermore, suicidal individuals demonstrate increased frequency and severity of several sleep disorders compared to non-suicidal individuals 15 . Although epilepsy is often associated with sleep and mood disorders and suicidal ideations, no studies could be found regarding this correlation in PWE. Research has demonstrated that many variables may contribute to the prevalence of suicidal ideation and the imminent risk of suicide in epileptic patients; therefore, studies are needed to clarify the relationships among suicidal feelings, sleep quality, and symptoms of depression and anxiety to prevent psychological distress and minimize suicide risk in such patients. Consequently, there is limited knowledge concerning suicide and its ideation in PWE. The present study was a preliminary investigation into the association between suicidal ideation and other variables, such as sleep quality, daytime sleepiness, and depression and anxiety in a nonselected sample population of PWE consecutively attending an outpatient epilepsy care facility.
METHOD Study design and participants
This was a cross-sectional study that was approved by local ethical committee and included 98 non-selected adult PWE from the outpatient clinic of the Neurological Institute, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil. The patients were men and women, at least 18 years of age, who were diagnosed with epilepsy ( focal or generalized) according to International League Against Epilepsy criteria. Only patients on a stable antiepileptic drug (AEDs) regimen (i.e. no changes over the last 4 weeks) were included. Patients with other active neurological diseases were excluded.
Procedures and instruments
The participants were classified as and divided into "suicidal ideators" or "non-ideators" based on their responses to item 9 of the Beck Depression Inventory (BDI), which is considered a quick and effective measure of suicidal ideation 6 . Each subject completed a clinical questionnaire, a demographic questionnaire, the Beck Anxiety Inventory (BAI) and BDI, the Pittsburgh Sleep Quality Index (PSQI), and the Epworth Sleepiness Scale (ESS). The PSQI 16 includes 19 questions that are combined to form 7 components: (1) sleep quality -individual perceptions about the quality of sleep; (2) sleep latency -time required to begin sleep; (3) sleep duration -duration of sleep or how long the individual stays asleep; (4) habitual sleep efficiency -the relationship between the number of hours slept and the number of hours remaining in bed (not necessarily asleep); (5) sleep disturbance -the presence of situations that compromise sleep hours; (6) sleep medication -analyses the use of sleep medication, and (7) daytime dysfunction -disturbances and sleepiness during the day, referring to changes in disposition for the performance of routine activities. Each component is scored from 0 to 3. The seven components combined form a global score that ranges from 0 to 21, where 0 indicates no difficulty and 21 indicates severe difficulty. A global score $5 distinguishes "bad" from "good" sleepers 16 . Depression symptoms for the previous week were evaluated by the BDI 17 . Depression was defined by a score $12, where: 12-19, 20-35, and 36-63 indicate mild, moderate, and severe depression, respectively 17 . The BDI Total Score without item 9 (suicide) was used to provide a measurement of depression severity uninfluenced by suicidal ideation 18 . Anxiety symptoms for the previous week were evaluated by the BAI 17 . Anxiety was defined by a score $10 where: 10-16, 17-29, and 30-63 indicate mild, moderate, and severe anxiety, respectively 17 . Item 9 of the BDI (suicide) provides an index of suicidal ideation within the previous week. This item ranges from 0 to 3 (0=I don't have any thoughts of killing myself; 1=I have thoughts of killing myself, but I would not carry them out; 2=I would like to kill myself; 3=I would kill myself if I had the chance). BDI item 9 has been used in other studies 18, 19 to provide an index of suicidal ideation. A score of 1 indicates passive suicidal ideation (no intent), and a score of 2 or 3 indicates active suicidal ideation, with desire or intent 18 . Finally, daytime sleepiness was measured by the ESS 20 . The ESS is an eight-item Likert-type scale with four discrimination categories: 0 is "would never doze", 1 is "slight chance of dozing", 2 is "moderate chance of dozing", and 3 is "high chance of dozing". The instrument was constructed from observations about the nature and occurrence of daytime sleepiness and sleep. The total score ranged from 0, no sleepiness, to 24, high sleepiness. The applied instruments have already been adapted and standardized for use in the Brazilian population.
Statistical analysis
Descriptive statistics for these groups were also obtained by the number of cases and frequencies (%), divided in both groups by the variables gender, age (under or over 40 years old), seizure frequency ( fewer or more than six epileptic attacks per year), number of AEDs taken by the patient (mono-or polytherapy), depression (total BDI score less or greater than 12) and anxiety (total BAI score less or greater than 10). The mean (M) and standard deviation (SD) were calculated for age, seizure frequency, number of AEDs taken by the patient, the total ESS score, all 7 components and the global severity of the PSQI, and the total scores from the BAI and BDI. We used independent-samples Mann-Whitney-Wilcoxon tests to compare "suicidal ideators" and "non-ideators" for each variable. The main purpose of the present statistical analysis was to understand the capability of each of these six variables in predicting suicidal ideation. To this end, we used a discriminant analysis using the groups defined by item 9 of the BDI criterion previously describe by Smith et al. 18 . The discriminant function 21 extracts a minimum reason between the multivariated pairs of means and the variance from the covariance matrix. The significance of the hypothesis test shows the probability of a random person chosen from the previously defined groups being a part of one or the other group. Fisher's analysis of variance (ANOVA) test was used for this purpose. The discriminant index (l) is used to calculate the intersection point between the distributions of the established groups within each measured variable. Finally, the standardized coefficient suggests the amount of covariance not explained by the variable. A good variable, despite the size of the explained covariance, should be differently distributed between the pre-defined groups showing a significance (p-value) ,0.05 in the hypothesis test 21 . However, it is desirable to obtain a good discriminant index ,0.60. All data were analyzed using Statistical Package for the Social Sciences Version 18.
RESULTS
The 98 participants had a mean age of 39.7 years old (SD=12.3), with an average seizure frequency per year of 16.9 (SD=55.1). The average number of AEDs taken by the patients was 1.6 (SD=0.7). Table 1 depicts the number of each variable and its distribution (in percentages) within suicidal ideators (N=13, %=13.3%) and non-ideators (N=85, %=86.7%) for gender, age, seizure frequency, number of AEDs taken by the patient, depression and anxiety, respecting the previously established criteria. Table 2 presents the descriptive statistics and MannWhitney-Wilcoxon U-test results for independent samples results according to the proposed methodology. Demographic variables, including age, frequency of seizures, and number of AEDs, did not show significant differences (p.0.05). Also, sleepiness was not significantly different between the two groups when measured by ESS. Regarding sleep quality, the PSQI measures eight aspects of this construct; however, just three of them showed significant differences: sleep quality, sleep disturbances, and global score. Sleep latency, sleep duration, habitual sleep efficiency, use of sleep medication, and diurnal dysfunction were not significantly different between the two groups; therefore, the global score for sleep quality was likely significantly different because of the scores for sleep quality and sleep disturbances. Finally, anxiety (measured by BAI) and depression (measured by BDI) presented significant differences (p,0.05), and those results will be discussed below. Table 3 depicts the results of a stepwise discriminant analysis based on the independent variable groups defined as "suicidal ideators" and "non-ideators". The BDI total score without item 9 18 , which was used to define the Other variables did not present significant differences between the two groups and did not contribute to the prediction of the probability of a person belonging to either group.
DISCUSSION
Our results revealed an association between suicide ideation and depression, anxiety, and sleep. Suicidal ideation affected about 13.3% of our sample, which is within the range reported by other studies of the general population by Casey et al. 4 , who used similar methodology (1.1 to 19.8%). We identified 10 cases with passive suicidal ideation and 3 cases with active suicidal ideation. Smith et al. 18 found a low frequency of active suicidal ideation in subjects with chronic pain. It seems that active suicidal ideation may be more strongly related to clinical depression, and passive ideation is more related to pain and sleep disturbances than to depression itself 18 . Sleep disturbance has also been reported as an important predictor of passive suicidal ideation in the psychiatric literature 22, 23 . The presence of anxiety and depression was a risk factor for the occurrence of suicidal ideation among the studied patients, and has been found in several studies 1, 2, 3, 6, 7, 8, 9 . The "suicidal ideators" had the worst rates for quality of sleep (PSQI), sleep alterations (PSQI), global score (PSQI), anxiety (BAI), and depression (BDI), which allows us to suggest a strong association between anxiety and depression and sleep. Several studies have identified important relationships between sleep disorders, depression, suicidal ideation, and suicide 10, 11, 12, 13, 14, 15 . Bernert and Joiner 13 observed that higher depression levels largely explained the relationship between sleep disorders and suicide. In our study, it was not possible to determine a cause-and-effect relationship because of the cross-sectional design. Considering the studied demographic and clinical variables, we found no significant results relating age, seizure frequency, or number of AEDs used and the presence or absence of suicidal ideation. The study of Mula et al. 24 , based on only four patients, also failed to show significant results regarding clinical variables.
We observed that depression, BDI total score without item 9 18 , and sleep quality (PSQI, global score) were the only variables able to significantly separate "suicidal ideators" and "non-ideators". None of the other studied variables were able to predict this dichotomy in the analyzed sample of this study. Therefore, we suggest that the BDI and PSQI values are good indicators for predicting suicidal ideation among PWE, with the PSQI showing less predictive value. In conclusion, our most important findings were: a) the total BDI score without item 9 18 was the strongest and most statistically significant predictor of suicidal ideation 2 ; b) the PSQI (global score) was also predictive of suicidal ideation; c) the PSQI (quality of sleep, sleep disturbances and global score), besides depression and anxiety (Beck scales), showed a significant relationship with suicidal ideation; and d) anxiety was shown to have an important influence with regard to quality sleep and daytime sleepiness (PSQI-global score and ESS, respectively), although this correlation was the weakest. Psychiatric comorbidity has been identified as the primary risk factor for suicide, and depression has been regarded as the most prevalent psychiatric comorbidity in epilepsy, reaching up to 51.7% in a sample of individuals presenting suicidal thoughts throughout life 7 . Moreover, we observed a strong association between the three variables of the PSQI/quality of sleep, depression, and anxiety in the "suicidal ideators" group, which leads us to infer that suicidal thoughts may be accompanied by sleep disturbances, anxiety, and depression in PWE, increasing the risk of suicide.
The present study suffered some limitations. The number of subjects with suicidal ideation (n=13) may have affected the significance level of some of the clinical and demographic variables within the group containing "suicidal ideators". Another issue was the sample population itself: this was derived from a single university health-care unit, which may have influenced the frequency type in this service. However, this seems to be a methodological problem that is difficult to control. Another issue was with regard to how the data were collected. We were unable to establish schooling in "years", which compromised the inferential analysis that included this variable. Although item 9 is known as a fast and effective measure of ideation 6 , the Ideation Beck Inventory could perhaps better inform us on issues regarding the risks of suicidal ideation and suicide. Further investigations using larger samples may result in a higher suicidal ideation, eliminating any doubts about the relationship that some sets of variables established with regard to suicidal ideation in epilepsy. Despite its limitations, we consider this study to be the first to relate sleep and its components with depression and anxiety in a group of PWE with suicidal ideation. As already observed in other studies, we found that depression and anxiety are prevalent comorbidities in epilepsy 1, 7, 8, 9, 25 . Here, we observed that both comorbidities were associated with quality of sleep, daytime sleepiness, and suicidal ideation (predominantly passive). Furthermore, our results revealed that depression (measured by the BDI) and sleep quality (as measured by the PSQI) were good predictors of suicidality in epilepsy. Considering these data, and recognizing that mood disorders 7 and sleep 10, 11, 12, 13, 14 are important risk factors for suicidal ideation and behavior, we recommend that the study and monitoring of these changes should be prioritized in the treatment of epilepsy, especially in cases of pharmaco-resistant epilepsy and/or psychiatric comorbidities.
